A loophole in Cabello's proof to Bell's theorem without inequalities 
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A loophole in the proofs of Bell's theorem without inequalities is pointed out. The assumption in 
these proofs to EPR's physical reality does not fit EPR's original arguments. 
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The nonlocality of quantum mechanics has been proved 
without using inequalities by a few authors T,'5','3'|. How- 
ever, there exists a common loophole in these proofs. 
Take Cabello's proof as an example. In his proof [J , Ca- 
bello considered two pairs of maximally entangled parti- 
cles, (1,2) and (3,4), 
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Two observers, Alice and Bob, at a space-like separa- 
tion have access to particles (1,3) and particles (2,4), re- 
spectively. From this state one can predict the values of 
measurement on and of the four particles with the 
following probabilities 
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where a, A are the values measured by Alice on ax and , 
respectively, 6, B are those by Bob, and subscripts denote 
particles. Then Cabello found a contradiction under the 
condition that EPR's elements of physical reality exist. 
Since ctziTzS, cTxictxS, o-z20'x4, crx2<yz4: are commutative op- 
erators, they can be measured simultaneously. Thus Al- 
ice and Bob make joint measurements on these opera- 
tors. Cabello found, for a run of measurement which 
gives A1A3 = -1-1, 0103 = +l,B2bi = -1-1,62-84 = -1, 
the elements of physical reality of Gx and Oz of the four 
particles contradict each other. , 
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The loophole comes from the fact that \iV6\ do not 
work together with Q. Consider ||2J) and Q). From ||2J), 
Alice predicts B2 — B4 if she obtained A1A3 — 1 by 
measuring cTziCzs on her particles (1,3). However, this 
prediction won't be agreed by Bob, because Bob had ob- 
tained i?2^4, 62-64 by measuring az2<^x'i and crx20'z4 on his 
particles (2,4). Since [az2,a-x2crzi] ^ 0, [az4,o-z2a-x4] ^ 0, 
Bob has no idea for the values of crz2 and 1724 . Especially, 
it is impossible to test Alice's prediction after Bob has 
measured az20'x4 and ax20'z4- Alice's prediction has been 
disturbed by Bob's measurement. Therefore, Alice's pre- 
diction is not true for the joint measurement of Alice and 
Bob. 

According to EPR 4] , an element of physical reality ex- 
ists only when a quantity can be predicted with certainty 
and without disturbing the system. In Alice and Bob's 
joint measurement they in fact cannot predict anything 
consistently, or Alice's prediction for particles (2,4) has 
been disturbed by Bob's measurement, thus elements of 
physical reality in the sense of EPR cannot be assumed. 
Therefore, Cabello's final contradiction does not make 
sense. This is the loophole. 

If a contradiction for the elements of physical reality 
of B2,B4,b2, 64 from H3I4() and 



P(AiA3 = +l,aia3 = +l) = l/4, 
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could be found, that would be a true disaster of EPR's 
physical reality. 

The same problem exists between Q and Q, Q and 
0, and ® and 0. 

This loophole also exists in GHZ nonlocality Hardy's 
argument 13 ■ 
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